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ABSTRACT

Inthis paper, semi-solid precursor of chromium was prepared from the reaction
of Cr(NO,), and oxalic acid at the presence of NaOH. Then Cr,O, nanoparticles
were prepared by solid-state thermal decomposition of this precursor at
500 and 600 2C, at standard atmospheric pressure for 3 h. The as-prepared
Cr,0, nanoparticles were characterized by Fourier transform infrared (FT-
IR), ultraviolet-visible (UV-Vis) spectroscopy, X-ray powder diffraction (XRD),
transmission electron microscopy (TEM) and vibrating sample magnetometer
(VSM). The sharp vibration bands in FT-IR spectra and high intensity peaks in
XRD patterns confirmed the preparation of pure, single rhombohedral phase
and crystalline Eskolaite structure of Cr,0, nanoparticles. A broad absorption
peak appeared at UV-Vis spectra indicates the d* electronic transition of Cr®.
The TEM images show that the particles are similar and a little agglomerated
with the average crystal size of < 100 nm. The VSM results predict that the
as-prepared Cr,0, nanoparticles are weak ferromagnetic and paramagnetic.
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INTRODUCTION

Cr,0,, as trivalent oxide, is more stable than
other well-known chromium oxide such as
hexavalent CrO, and tetravalent CrO, [1]. It is
an antiferromagnetic material with a wide band
gap (Eg = 3.4 eV) taht exhibits n-type or p-type
semiconductor behavior [2] and used as green
colourant in the pigment industry for ceramic,
coating, paints and printing [2]. It has been
investigated as a Li cathode [3,4], solar absorber
[5,6], catalyst [7], and hydrogen sorption [8]. It
is also employed in electrohydrogenation [9],
dehydrogenation [10], removal of dyes [I1],
biomedical application [12] and gas sensing [13].
According to the literature, single-phase synthesis
and regulation of the morphology of the of Cr,0,
nanoparticles are difficult to perform [14]. Until
now, Cr,0, nanoparticles have been synthesized
by various techniques such as microwave-assisted
[15,16], thermal decomposition [17], hydrothermal
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[18,19], green chemistry [2,20,21], solvothermal
[22], template-free approach [23,24] and other
methods [25,26]. All of these techniques are
complex, time consuming, and require expensive
equipment.

The aim of this study is preparation of pure
and single phase chromium oxide (Cr,0,)
nanoparticles from low-cost starting materials, in a
simple and easy method (thermal decomposition)
and characterization of their structure, shape, size,
optical and magnetic properties (Fig. 1).

EXPERIMENTAL
Materials and Methods

Cr(NO3)2.6HzO, oxalic acid, and NaOH were
purchased from Merck company and used without
future purification. FT-IR and UV-Vis spectra
were carried out using a Perkin-Elmer and Jasco
spectrophotometer, respectively. The X-ray patterns
were performed with a Bruker AXS diffractometer
D8 ADVANCE in the range 26 = 10°-80°. The TEM
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Fig. 1. Schematic illustration of the Cr,0, nanoparticles preparation
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Fig. 2. FT-IR spectra of Cr,0, nanoparticles prepared at a) 500 °C and b) 600 °C

images were recorded on transmission electron
microscope Philips with CCD camera Olympus
Veleta. The magnetic properties were investigated
by vibrating sample magnetometer

Synthesis of Cr,O, nanoparticles

A mixture of Cr(NO,),.6H,O (1 mmol) and
oxalic acid (3 mmol) were dissolved into 15 mL of
distilled water and stirred for 20 min to prepare a
clear solution. To this solution, an aqueous solution
of NaOH was added dropwisely until reaching
pH 12, and the mixture was then heated up to 80
°C. After cooling to r.t. the semi-solid products
obtained were divided into two equal parts and
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heated at temperatures of 500 and 600 °C for 3 h.
The as-prepared Cr,0, nanoparticles were washed
with distilled water (twice) and dried at 80 °C
in a furnace for 24 h. Finally, the products were
characterized by FT-IR, UV-Vis, XRD, TEM and
VSM.

RESULTS AND DISCUSSION

Fig. 2 shows the FT-IR spectra of the as-
prepared Cr,O, nanoparticles that matches well
with previous reports [14,18]. The sharp vibration
bands at 627 and 562 cm™ and 630 and 565 cm™
of Cr,0, nanoparticles prepared at 500 °C and 600
°C, respectively, are assigned to the Cr-O stretching

149



A.D. Khalaji / Cr,0, Nanoparticles

b '\
2 390 nm
g
=
£ \
2
= 420 nm
a
250 350 450 550
Wavelength (nm)

Fig. 3. UV-Vis spectra of Cr,0O, nanoparticles prepared at a) 500 °C and b) 600 °C
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Fig. 4. XRD patterns of Cr,0, nanoparticles prepared at a) 500 °C and b) 600 °C

vibrations indicating the presence of the crystalline
Cr,0, [14,18,24]. The appearance of a shoulder
in wave numbers at about 690 cm™ predicts the
presence of other morphologies for the as-prepared
Cr,O, nanoparticles [27]. The two weak and broad
bands at about 1630 cm™ and 3415 cm™ are due to
the O-H vibration of water molecules adsorbed on
the surfaces of the as-prepared Cr,O, nanoparticles
[14].

Fig. 3 represents the UV-Vis spectra of Cr,O,
nanoparticles. Broad absorption peak appeared at
about 420 nm for Cr,O, nanoparticles prepared

150

at 500 °C indicates the d* electronic transition
of Cr’* [22,24], confirmed the six-coordinate
geometry with octahedral symmetry around Cr**
ion. While this peak is blue shift to 390 nm for
Cr,0, nanoparticles prepared at 600 °C. A similar
peak is seen at 455 nm for the nanocubes of Cr,0O,
reported by Roy et al [24] and nanoparticles of
Cr,0, reported by Anandan and Rajendran [22].
After calcination of chromium precursor at
500 and 600 °C, pure rhombohedral phase and
crystalline Eskolaite structures of Cr,0, (JCPDS
card # 38-1479) were obtained [17,24]. The XRD

Nanochem Res 5(2): 148-153, Summer and Autumn 2020
()=



A.D. Khalaji / Cr,0, Nanoparticles

(110)

(104)

o
57

Intensity (a.u.)

—
o
Z

a m
40 50 60 70

20 (degree)

Fig. 5. TEM images of Cr,0O, nanoparticles prepared at a) 500 °C and b) 600 °C
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Fig. 6. Particle size distribution of Cr,0, nanoparticles prepared at a) 500 °C and b) 600 °C

patterns of the Cr,O, nanoparticles are presented in
Fig. 4. The XRD patterns show that the all diffraction
peaks are high and broad due to the pure, small size
and well crystallized Cr,0, nanoparticles [17,22],
also no extra peaks, pertaining the impurities, were
detected. The intensities of the diffraction peaks
in the XRD patterns were almost equal, indicating
that the temperature increasing does not change
the crystalline size and crystallinity of the products.
The average crystallite sizes were found to be about
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50 nm, according to Debye-Scherrer’s equation:
D=09A/fcosd

where A is the X-ray wavelength, f3 is full width
at half maximum (FWHM) in radiation and 0 is the
diffraction angle of the sharp peak.

Fig. 5 shows the TEM images of the synthesized
Cr,0, nanoparicles and confirmed the size
distribution is not homogeneous; nearly rectangle
and is in a range of about 10 - 100 nm. By
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Fig. 7. VSM test of Cr,0, nanoparticles prepared at a) 500 °C and b) 600 °C

increasing the temperature to 600 °C, the Cr,0O,
nanoparticles obtained were uniform in size and
shape (Fig. 5b). A similar result as reported by Su et
al. is obtained for the spherical Cr,0O, nanoparticles
[16]. Further research is necessary to understand
the changes that occur in the surface morphology
of the products [16].

The size distribution of the particles, shown
in Fig 6, confirmed that the average particle
sizes determined by the TEM study are in good
agreement with the average particle sizes calculated
by Debye-Scherrer’s equation.

Fig. 7 illustrated the VSM of the synthesized
Cr,0, nanoparticles. The curve for Cr,O,
nanoparticles prepared at 500 °C is nearly linear
and does not show any magnetic saturation,
indicating the paramagnetic contribution [25].
While the curve is not linear for Cr,0O, nanoparticles
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prepared at 600 °C, it shows a weak ferromagnetic
behavior due to the different sizes and shapes of the
nanoparticles [26].

CONCLUSION

The Cr,0, nanoparticles were synthesized via
a fast, simple, and low cost technique of thermal
decomposition and characterized by various
techniques. The purity and single rhombohedral
phase were confirmed by XRD and FT-IR. The
average size and morphology of the products were
examined using TEM and found to be the size
distribution is not homogeneous and rectangle
nanostructures are in a range of about 10 - 100
nm. The Cr,0, nanoparticles obtained at 600 °C
show the better distribution in size and shape. The
magnetic properties indicated paramagnetic and
weak ferromagnetic nature of the Cr,O, products
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prepared at 500 and 600°C, respectively.

ACKNOWLEDGMENTS
This work was supported by the Golestan
University.

CONFLICT OF INTEREST
The author declared to no conflict of interest.

REFERENCES

1. Wilhelmi K-A. at Elevated Pressures up to 4 Kilobar. Acta
Chemica Scandinavica. 1968;22(8):2565-73.

2. Sone BT, Manikandan E, Gurib-Fakim A, Maaza M. Sin-
gle-phase a-Cr203 nanoparticles’ green synthesis using
Callistemon viminalis’ red flower extract. Green Chemistry
Letters and Reviews. 2016;9(2):85-90.

3. Cui CY, Xia CD, Cui XG, Zhou JZ, Ren XD, Wang YM.
Novel morphologies and growth mechanism of Cr 2 O
3 oxide formed on stainless steel surface via Nd: YAG
pulsed laser oxidation. Journal of Alloys and Compounds.
2015;635:101-6.

4. Zhou Y, Zhu Y, Zhu Y, Li L. Phase transformation, kinetics
and thermodynamics during the combustion synthe-
sis of Mg2Al3 alloy. Journal of Alloys and Compounds.
2015;628:257-62.

5. Khamlich S, McCrindle R, Nuru ZY, Cingo N, Maaza M. An-
nealing effect on the structural and optical properties of
Cr/a-Cr203 monodispersed particles based solar absorb-
ers. Applied Surface Science. 2013;265:745-9.

6. Khamlich S, Nemraoui O, Mongwaketsi N, McCrindle R,
Cingo N, Maaza M. Black Cr/a-Cr203 nanoparticles
based solar absorbers. Physica B: Condensed Matter.
2012;407(10):1509-12.

7. Uhm JH, Shin MY, Zhidong J, Chung JS. Selective oxidation
of H2S to elemental sulfur over chromium oxide catalysts.
Applied Catalysis B: Environmental. 1999;22(4):293-303.

8. Bobet JL, Desmoulins-Krawiec S, Grigorova E, Cansell E
Chevalier B. Addition of nanosized Cr203 to magnesium
for improvement of the hydrogen sorption properties. Jour-
nal of Alloys and Compounds. 2003;351(1-2):217-21.

9. Zhang Y, Qiu W, Ma Y, Luo Y, Tian Z, Cui G, et al. High-Per-
formance Electrohydrogenation of N2 to NH3 Catalyzed by
Multishelled Hollow Cr203 Microspheres under Ambient
Conditions. ACS Catalysis. 2018;8(9):8540-4.

10. Chang Q-Y, Yin Q Ma E Zhu Y-A, Sui Z-], Zhou X-G, et
al. Tuning Adsorption and Catalytic Properties of a-Cr203
and ZnO in Propane Dehydrogenation by Creating Oxy-
gen Vacancy and Doping Single Pt Atom: A Comparative
First-Principles Study. Industrial & Engineering Chemistry
Research. 2019;58(24):10199-209.

11. Ibrahim MM. Cr203/A1203 as adsorbent: Physicochemi-
cal properties and adsorption behaviors towards removal
of Congo red dye from water. Journal of Environmental
Chemical Engineering. 2019;7(1):102848.

12. Isacfranklin M, Ameen E Ravi G, Yuvakkumar R, Hong
SI, Velauthapillai D, et al. Single-phase Cr203 nanoparti-

Nanochem Res 5(2): 148-153, Summer and Autumn 2020
()5

13.

14.

—

5

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

cles for biomedical applications. Ceramics International.
2020;46(12):19890-5.

Stanoiu A, Simion CE, Diamandescu L, Tarabisanu-Mi-

haila D, Feder M. NO2 sensing properties of Cr203 high-

lighted by work function investigations. Thin Solid Films.
2012;522:395-400.

Deepak HN, Choudhari KS, Shivashankar SA, Santhosh
C, Kulkarni SD. Facile microwave-assisted synthesis of
Cr203 nanoparticles with high near-infrared reflection for
roof-top cooling applications. Journal of Alloys and Com-

pounds. 2019;785:747-53.

. Yahyazadehfar M, Ahmadi SA, Sheikhhosseini E, Ghazanfari
D. High-yielding strategy for microwave-assisted synthesis
of Cr203 nanocatalyst. Journal of Materials Science: Mate-
rials in Electronics. 2020;31(14):11618-23.

Su J, Xue H, Gu M, Xia H, Pan E Synthesis of spherical
Cr203 nanoparticles by a microwave refluxing method and
their photocatalytic properties. Ceramics International.
2014;40(9):15051-5.

Zhang HL, Liang ST, Luo MT, Ma MG, Fan PP, Xu HB, et al.
Preparation and color performance control of Cr203 green
pigment through thermal decomposition of chromium hy-
droxide precursor. Materials Letters. 2014;117:244-7.

Xu X, Wu J, Yang N, Na H, Li L, Gao J. Cr203: a novel su-
percapacitor electrode material with high capacitive perfor-
mance. Materials Letters. 2015;142:172-5.

Pei Z, Zhang X. Controlled synthesis of large-sized Cr203
via hydrothermal reduction. Materials Letters. 2013;93:377-
9.

Igbal J, Abbasi BA, Munir A, Uddin S, Kanwal S, Mahmood
T. Facile green synthesis approach for the production of
chromium oxide nanoparticles and their different in vitro
biological activities. Microscopy Research and Technique.
2020;83(6):706-19.

Sharma UR, Sharma N. Green Synthesis, Anti-cancer and
Corrosion Inhibition Activity of Cr,0, Nanoparticles. Bio-
interface Research in Applied Chemistry. 2021;11(1).

Anandan K, Rajendran V. Studies on structural, morpholog-
ical, magnetic and optical properties of chromium sesqui-
oxide (Cr203) nanoparticles: Synthesized via facile solvo-
thermal process by different solvents. Materials Science in
Semiconductor Processing. 2014;19:136-44.

Sun H, Wang L, Chu D, Ma Z, Wang A. Synthesis of porous
Cr203 hollow microspheres via a facile template-free ap-
proach. Materials Letters. 2015;140:35-8.

Roy M, Ghosh S, Naskar MK. Solvothermal synthesis of
Cr203 nanocubes via template-free route. Materials Chem-
istry and Physics. 2015;159:101-6.

Gupta RK, Mitchell E, Candler ], Kahol PK, Ghosh K, Dong
L. Facile synthesis and characterization of nanostructured
chromium oxide. Powder Technology. 2014;254:78-81.
Titystiz H, Weidenthaler C, Grewe T, Salabas EL, Benitez
Romero MJ, Schiith E A Crystal Structure Analysis and
Magnetic Investigation on Highly Ordered Mesoporous
Cr203. Inorganic Chemistry. 2012;51(21):11745-52.

Musi¢ S, Maljkovi¢ M, Popovi¢ S, Trojko R. Formation of
chromia from amorphous chromium hydroxide. Croatica
Chemica Acta. 1999;72(4):789-802.

153


http://dx.doi.org/10.1080/17518253.2016.1151083
http://dx.doi.org/10.1080/17518253.2016.1151083
http://dx.doi.org/10.1080/17518253.2016.1151083
http://dx.doi.org/10.1080/17518253.2016.1151083
http://dx.doi.org/10.1016/j.jallcom.2015.02.053
http://dx.doi.org/10.1016/j.jallcom.2015.02.053
http://dx.doi.org/10.1016/j.jallcom.2015.02.053
http://dx.doi.org/10.1016/j.jallcom.2015.02.053
http://dx.doi.org/10.1016/j.jallcom.2015.02.053
http://dx.doi.org/10.1016/j.jallcom.2014.12.191
http://dx.doi.org/10.1016/j.jallcom.2014.12.191
http://dx.doi.org/10.1016/j.jallcom.2014.12.191
http://dx.doi.org/10.1016/j.jallcom.2014.12.191
http://dx.doi.org/10.1016/j.apsusc.2012.11.099
http://dx.doi.org/10.1016/j.apsusc.2012.11.099
http://dx.doi.org/10.1016/j.apsusc.2012.11.099
http://dx.doi.org/10.1016/j.apsusc.2012.11.099
http://dx.doi.org/10.1016/j.physb.2011.09.073
http://dx.doi.org/10.1016/j.physb.2011.09.073
http://dx.doi.org/10.1016/j.physb.2011.09.073
http://dx.doi.org/10.1016/j.physb.2011.09.073
http://dx.doi.org/10.1016/s0926-3373(99)00057-0
http://dx.doi.org/10.1016/s0926-3373(99)00057-0
http://dx.doi.org/10.1016/s0926-3373(99)00057-0
http://dx.doi.org/10.1016/s0925-8388(02)01030-7
http://dx.doi.org/10.1016/s0925-8388(02)01030-7
http://dx.doi.org/10.1016/s0925-8388(02)01030-7
http://dx.doi.org/10.1016/s0925-8388(02)01030-7
http://dx.doi.org/10.1021/acscatal.8b02311
http://dx.doi.org/10.1021/acscatal.8b02311
http://dx.doi.org/10.1021/acscatal.8b02311
http://dx.doi.org/10.1021/acscatal.8b02311
http://dx.doi.org/10.1016/j.jece.2018.102848
http://dx.doi.org/10.1016/j.jece.2018.102848
http://dx.doi.org/10.1016/j.jece.2018.102848
http://dx.doi.org/10.1016/j.jece.2018.102848
http://dx.doi.org/10.1016/j.ceramint.2020.05.050
http://dx.doi.org/10.1016/j.ceramint.2020.05.050
http://dx.doi.org/10.1016/j.ceramint.2020.05.050
http://dx.doi.org/10.1016/j.ceramint.2020.05.050
http://dx.doi.org/10.1016/j.tsf.2012.09.003
http://dx.doi.org/10.1016/j.tsf.2012.09.003
http://dx.doi.org/10.1016/j.tsf.2012.09.003
http://dx.doi.org/10.1016/j.tsf.2012.09.003
http://dx.doi.org/10.1016/j.jallcom.2019.01.254
http://dx.doi.org/10.1016/j.jallcom.2019.01.254
http://dx.doi.org/10.1016/j.jallcom.2019.01.254
http://dx.doi.org/10.1016/j.jallcom.2019.01.254
http://dx.doi.org/10.1016/j.jallcom.2019.01.254
http://dx.doi.org/10.1007/s10854-020-03710-2
http://dx.doi.org/10.1007/s10854-020-03710-2
http://dx.doi.org/10.1007/s10854-020-03710-2
http://dx.doi.org/10.1007/s10854-020-03710-2
http://dx.doi.org/10.1016/j.ceramint.2014.06.111
http://dx.doi.org/10.1016/j.ceramint.2014.06.111
http://dx.doi.org/10.1016/j.ceramint.2014.06.111
http://dx.doi.org/10.1016/j.ceramint.2014.06.111
http://dx.doi.org/10.1016/j.matlet.2013.12.010
http://dx.doi.org/10.1016/j.matlet.2013.12.010
http://dx.doi.org/10.1016/j.matlet.2013.12.010
http://dx.doi.org/10.1016/j.matlet.2013.12.010
http://dx.doi.org/10.1016/j.matlet.2014.12.022
http://dx.doi.org/10.1016/j.matlet.2014.12.022
http://dx.doi.org/10.1016/j.matlet.2014.12.022
http://dx.doi.org/10.1016/j.matlet.2012.11.127
http://dx.doi.org/10.1016/j.matlet.2012.11.127
http://dx.doi.org/10.1016/j.matlet.2012.11.127
http://dx.doi.org/10.1002/jemt.23460
http://dx.doi.org/10.1002/jemt.23460
http://dx.doi.org/10.1002/jemt.23460
http://dx.doi.org/10.1002/jemt.23460
http://dx.doi.org/10.1002/jemt.23460
http://dx.doi.org/10.1016/j.mssp.2013.12.004
http://dx.doi.org/10.1016/j.mssp.2013.12.004
http://dx.doi.org/10.1016/j.mssp.2013.12.004
http://dx.doi.org/10.1016/j.mssp.2013.12.004
http://dx.doi.org/10.1016/j.mssp.2013.12.004
http://dx.doi.org/10.1016/j.matlet.2014.11.005
http://dx.doi.org/10.1016/j.matlet.2014.11.005
http://dx.doi.org/10.1016/j.matlet.2014.11.005
http://dx.doi.org/10.1016/j.matchemphys.2015.03.058
http://dx.doi.org/10.1016/j.matchemphys.2015.03.058
http://dx.doi.org/10.1016/j.matchemphys.2015.03.058
http://dx.doi.org/10.1016/j.powtec.2014.01.014
http://dx.doi.org/10.1016/j.powtec.2014.01.014
http://dx.doi.org/10.1016/j.powtec.2014.01.014
http://dx.doi.org/10.1021/ic301671a
http://dx.doi.org/10.1021/ic301671a
http://dx.doi.org/10.1021/ic301671a
http://dx.doi.org/10.1021/ic301671a

	Cr2O3 Nanoparticles: Synthesis, Characterization, and Magnetic Properties  
	Abstract
	Keywords
	How to cite this article 
	INTRODUCTION 
	EXPERIMENTAL 
	Materials and Methods 
	Synthesis of Cr2O3 nanoparticles  

	RESULTS AND DISCUSSION 
	CONCLUSION 
	ACKNOWLEDGMENTS  
	CONFLICT OF INTEREST 
	REFERENCES


